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CALCULATION OF THE TEMPERATURE WHICE A
PARACEUTE CANOPY ATTAINS AT HIGH ALTITUDE

by
Dy. B, P, G, Bokert
BIOGRAPHICAL NOTE

Prof, I». E. R, G, Eokexrt is an ezpert on thermodyrnamics, espocially con-
corning heet transfer and gas turbines, From 1928 to 1943 ks was head of the
departzsnt for thermodynexics at the Institute for Aircraft Engines at the LFA
in Brunsvick. In 1943 Dr, Eckert became profeseor and diractor of the Institute
for Thermodynenmins at thy University of Prague.

He finishsd his studiss at the Univsrsity of Prague in 1927 and later be-
oexs lecturer &b the sems University., From 195k to 1§58 Dr. Boksri vas senior
enginoor of the sngins laboratory at the Uniwersity of Dangig., In 1942 he wss
lscturer at the University of Brunswick, At the LFA he was in charge of re-
Search on gae turbines and jet propulsion, Dr, Eckert holds two dsgroos of
Dootor of Enginssring.

His vork comprises heat radiation; heat transfer, sspecially at high ve-
locitiea; rescarch on jet propulaion and gee turbines, espscially thut soncern-
ing high temperatures; combustion problems; flow investigations on turbine blades

omploying the optical interferometer; anmd heat exchangers for gas turbinee.

He 18 nov omployed in Propuleion Ssotion, Ansliysis Division, Intelligence
T-2, AMC, Wriski Field, Davton, Okio.
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CALCULATION OF THE TEMPERATURE WEICE A
PARACEUTE CANOPY ATTAINS AT EIGH ALTITUDE

by
I, B, R, G, Eckert
BICGRAPEICAL NOTE

Prof, Dr. E. R, G, Eckert iz .an oxpert on thomoﬁynmioa, especially con-
cerning hoat transfer and gas turbires, From 1938 to 1943 he was Fead of the
department for themdynmica &t the. Inatitute for Airora.t'c Enginss at the LIFA
in Brunswick, .In 1643 Dr, Eckert. became professor and director of the Institute
for Thermodynamics at the University of Pragus,

Ee finished his ytudies at the University of Prague in 1927 end later be-
came leoturexr ot the same 'miversity., ¥rom 1934k <o 1938 Dp. Zoiart wee senior
ongineei- .of -the-ohgine leboratory at fhé Uniyersity of Danzig. In 1942 he: was
lectudss -at the-University of anuvici. At the :LFA he vas in oharge of re-

.searsh on gas turbines and Jet propulsion. Dr; Eckert holds iwo degrees of

Doctor of Enginoering, R

His work ocomprises heat redidtion; heat transfer, -espsdially at high ve-
locitiu, refsarch on jo% p*'opulsion and gag turbines, esyesially that concern-
ing high tcnxntnru; coxbuatioi. Frotlexs; flow investigations on turbins dledes
employizg trs cptical intirferouster; -and heat -exchangers: for gas turbines.

N

He is nov employed in Propulsion Sestion, Analysis Givielor, Intelligence
T-2, AMC, Wright Field, Darton, Oiio.
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GALGULATiON OF THE TEMPERATURE WHICH A

PARACHUTE CANOPY ATTAINS AT HIOH ALTITUDS

1, Intrgdugtion

Since at high altitudes the atr density is very low, 4

& paischute descends

with a very high. apeed.

Therefore, rélative

With grest velocity. .In. the boundary lnyer.
of ‘the pérachuté, and in Lhe wake behind: it,
=k1nettc enérgy is converted into heat. ‘Thus
on. tha other hand, 1t radiates heat .into the
the day. 1t 2lso- absorbs solar heat radistion.

to the parachute, ‘the air movea

‘which-bullds: up- aiong: the surraces
the nir is decelerated &nd its
the parachute: ia hentcd upy but.

univeérse snd. to: the earth, Durinz
‘The: temperature whieh the ocsnopy

nttains -unde 311 these 1nr1uences is célduleted: in: the. rollowins pnragrapha.

2. Innerert Tem ernture_nnd Heat ”riﬁater bv ccnvection

Ina high-velocity .gee streanm 2 body Hbi“h Joses nohast by radia%icu A

taing an equilibrium temperaturé higher than the: temperatiire. Ta which is in-
dieated éy & ‘thermometer mov‘.s aleng with ‘the atrean; This tenperntuve of the
body 1s cglled its "1nhe fent" temperature. It can be calculated by ths fol;ou-

ing formula:

=T + d s il
=Tt @ pecy
ZE ‘inherent tempersture of the body

Ta statis temperature in the gaw §Eraam- (ntnosphcrio
femperature ).

-velooity of the ggs_gggggy>réL§t;vé“z6”tha;b53§;'

gravitational constant

Ca specific: heet of gas st.constant pressure
J mechsnical equivalent of heat
¢

noﬂdimensiohal factor

65_
43:

re/aec
[T
BTU/1b OR
£t 15/870

Por air the denominstor 2 g€ 'Uhu the value 12,000 rtzluc? ‘R. The

“5” 74 Gepenas on the Ehaps of vne vOdy. FOV @ WiTEIRE

wit is ¢ =0.85 - 0.90, for s oylinder in a flow

(Il .'”

:z_.g‘. [y

WG voay in #n &ir

normal to- its 2218

cf = 0 5 « 057, (Ref. }). In sn.aif stress ¢ never dsn be greater than.l,
No- mepaurementiy are. known fora henispheds with 1t opanias -against tho stresm,

which alepe ghould correspond to the .parachute conopy: Since we are 1ntgr

sted:

in the highest temperature of the canopy, we mey, therefore, culculnte uith the
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RUst uge -formulss. of :other bodiew.

80 we check our Fesults by calcula
proved by -axperiments that the: volune of ;ir v. 4n eu I, leakfhg through one

Value 6 = 1, which :Zives an: upper lmit.

" If Vhe. temperature of ‘the. body 1: over than: the: Anherent tempdngtur«
48.8.4 bY rediation), & continuous flcu of hent dtreams rron ‘the- boundary layer
t0 the ‘body, -given by EHe LOPEUlEG -

Qe £1ow-0f heat by convectisn. BTU/HE-

R, test ~éf'm'r‘e‘x-“c"o'e1‘r1e1enef . BTU/he- 12 R

R surr.“a of” the, ‘body P A
S ‘tnheront temperuture of the- body - “°R»'
7; surfece teaperature of €86 body R .

By calculstion @nd experimentation it wal proved thats for: straanlinod
bodies, the h¥at trandfer cogfticient does not depend materiaily on the Msgh
nukber, so0 that formulss derived by experimentstion with low. ve’ocities can.

&1s0 be Applied to: upersonic flow. (Ref. 1), In: supersonic flow the velocitles:
along the surface @re décreaged by shock waves ariaing 1n front of # blunt ‘body.
Agtin, no experiments on shspes similar to @ perachute ¢shopy are known; so We

‘We: shall use: the resultz from teltn on spaorei.
They can be expressed by the foriluia (Re.. 2)

:\O«G’

(3)

D dismeter ot_‘_tt.i‘_e“l_p'he..i'o- , = N
#  nest conductivity BIU/Lt by °R
}/' ‘kinématic valGOlity _ : 7_ - rtZVBoc

= = 1€ 1 expected thet the hest transfer from ‘the. wake to the resr of a

hemisphiere représenting the parachute canopy i is spproximately the sume ss the
heit transfer .oii the reap of the sphere. The heat transfer on the iﬁﬁ::«'L!tAQO
of the hemisphere is certninly smaller than the Hest transfer on the ‘front hslf
of the asphure. If we calculate with formula 3 for the parachute ‘canopy, -we Bot
vslues. t00 high for the heat flow .from the air to the pardchute osnopy, snd
therefore an .upper lgmft‘IOpwtheAlurface tempsratuve., .

“THhE PeTHeRbiIlitY ux the u-uwmv wetaresl may: dnfivance tha. heat &n

Wweiww Virw' Srew v Se

ting the rest £10W in a different way. ;1t°wlt

8q Lt -of the parachute cloth per ssc incresses linearly with the: pressurs difference.
A Dpon both sides or the -gloth, On the other hand, dimsnnicnnl anslyelis. roquircl
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oAt relattonahip

o wep poy w

exint ( y lpccix‘ic Meight.of air), If wé build up the ‘Reynolds No. Re ‘with the.
', porosity Vi {which has. the éiaenuon of vclgeity). the diameter D of the l;!lrl-

chute cancpy, and the dymmic viicosity & of the ~air { Re = #¥R), ve got l

....ne:r -dependansy: bww."._: v :

ressure dii‘sefene(w ap WG the poTosity v 1A ag
4 only it _ #_ N
- " 3

dp= Fsv )

s !‘oriuh ahdwa that the porou{y decan: fiot. derend’ .on the alr density, Thers=
forg we ceh. use: the reaulta .of. -2xpariments 8t norma preasure. for the deacent at
hizh altitude. also.

|
)
|

This: n.o,ii.lfl‘zt§= in

T S

L et s ARt YA e

Now: we- inay aasume that this alpr lecking. through' the canopy .is:-cooled. dovrn.
from ‘the "inherent temperature: T, {fors =1) to the aurfece temperature T, of
the canopy. This: -givea a: hnt Llow: Q° to the canopy

X %"--—c‘f -vﬁz—'r;f)- | i

.(

erdtd 1T APTMp -

U, 1 I

|
i
|

It 1- proposed to..cdaloulate, with formula 2 -5 5, uhich of the two -gives.
‘higher val gas ‘for the heat flow Q.; The porouty of ncrmal parschute: slsth i3
; 1.3 T¢3/f4%s0c. In. the exumple cﬁlculmd in paragraph. 5, the heat flow cal-
| i cuhted with -eq: 2' becomes approximately tWice as great aa that- caloulated with
g 1 Q. 5. 'rhewotore aq 2 was used for the. final coaputaﬁom.

3. ~ﬂn‘.'z.-xxcha Age ~bz,\-. Rldil tion. ) \ -

the o*hor hmd absorve hut nduted from the: earth aﬁé tron tr.a sun. As lcn; as
the altitudc ia smell compared with the dinmter ‘of the .earth, the & nmr part of
*ho surt:co A of the peraghute canopy exchangos heat by radiation prlcticlny only
with the earth. 7This. .2ives the formvla:

|
O e -
|
!
1
|
l
1
|

Qy - sa,mc,g(r ,,_) R B

1
g [l R
i
{}
|
F

Qr1 igks, eXcings by radiation ‘tuun plrlchute and  BTU/hr
2
¢

(-] ]
R o ;fa:- of proa‘oction of -parachute on a horigzontal 't

i

¥
i
|
.
{
(R ORI (IVOIPE | S
.
I
i
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f_e' onzuivity or parach: te surnco

CA Stefan=Bolzeann constant. 0,173 x 10'5 ‘BTU/r‘t?hx'- 9&“‘

Te tempireture of asth - : : R

O

Since a part -of the radis ebittod by ‘the inner aurrace strikes other
areds of this same surfade ond Is absorbcd by i%;:Gnly the projection.apee A
fv-0n & hérizontsl plane is inverted in Xq 6. Thn~ossont1a1 ‘pars -of
rediation at the temperaturss the canopy atteine. 11 in the. !
between 2 end 10%4 . For these wave dengihs the emiesivity off 'a1d electrisel
nénqoné;lgcto‘rs ie € =0,80: 1,0, ‘The color of the surfece does .not influense
this velue. ) .

i
- i - The upper half or the "88Nnopy ‘sirface c:chnngcs hcct’by rldilticn with.the
E univoroe. 81nce the tolpcrature or the. uniye_ [ i3 0 °R. ‘the sesond. term in
L Ona= € m
k o The eoler rodistion at ! " eree normal to th-:-"; ay8
‘ is: S = u2s BTU ft or ‘the pnrachuto 4n thie
|

T
n.
...
e }
eQ
O
e‘i—
-
o
5
‘r
[~
0
.
‘0!
..a
=
'l
'l
‘®
[+
-
”»:
<t
5

'O
=»
=
O} !
5’
&
<t
.
|.~
'

@4=ocR7u-.3,,.. - o @

The proJoct On-eree ig Heximum uhtn the ‘sum is vertically ebovs: tho peradhute-
To get. sn-upper 1imit for the surface: to-perlturo. ‘the: .sama. valie of ‘1~Aull in
Eq 6, namely the. proJcoticn on X horizoutor' pluns has to be uood. N

The- ebsorptivity-QL ror eun rudioti»w dapends vory luoh*"n thn colo” of -the:
perechute, Por white clcth it i onp*o;i!atwly oG « 0, 2. for deri cloth it may
1ncrouae to ullost 1

k. el ‘ilction of "urrlac éxpereture,

Now the ouv:lce temperature may be culculuted by—a ‘heas balahce.. Dubing
the -descent, the - $0mpsrature of the pcf-ehuta.changcs oontinu ley. “The:‘hezt
stored in the u.oariul ‘of the parachute per unit time 1;.
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A4  thicknesa of the parechute cloth £t
¥ 4pecifie weight parachute cloth ' 1n/e?
€ .gpesific heat parachute cloth BTU/1b °F
T time - (1]
H  altitude : £t

In the: abovo formule.-the smail temperature differenced within the para-
chute clct h.ars: nogloctod. ‘Now: the heat balanie givea:. .

F V- RGN g e B () T

AL the belt stcrlge fa:'the pnrlahute uatorill can be necloatod, ths lort-
hand: term decomea zero end the suriace temperature T may ‘te detormined from

1&(5*1» Fer +o<%& ?,,.4-&%1 7Y )

Since the heat storsge in. the canopy dbgrqsée;,sﬁg temperature variations

during the descent, Eq 1l gives the highest temperature posaible.
5. Numericsl Caloulations

‘Por & parachute desceriding from 100 niles AY3Ends. :
(Ref, 3) given in:Rig. 1; the surfege temnerlture- ays .

end 13; The following values wére ised:

Eh.the: valscities
culatod with ;q_IO

%‘ 1/3. Y =;8-.'7'

16/¢63; o = 0.3 BTU/Ib-%R; A& =0.01im, The tempersture of the-atmoaphers
:ﬂe recovdad in Mg, 1; the temperlture ‘of the earth wea asawsed. to pg Te.
92°R,

ul
esl

€ =3 € =0.8 % =02 white cloth),

The property values for .air are-given in the following table:

_._58° 320 .t?aou 2120 3dge
Theral ebﬁducuvnx BYU/fir £t °F 0.013% 0,059 00182 0.0204 00241
Kineiatto viscostty 10%t%/oes 102 11 300 . 3se s

‘The kinematic viacoaity 1a: given for normal prenuurajhh . It mus% be
multipliad with the ratio of the normsl presnuro1ch to the prellure.r» to get

‘the valué for preaaure -/q. e

F-TR-2123-KD 5
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The results of the calculetion are preaented in Fig. 1.

- e O e &

P\ altitudes ahove €0 milea ‘the donveotiveé heat-trensfer ed¢ificient
Trol the Doundery-lsyer-Hecoxes-yo-dme)l -because:of Towair échsity thak
ﬁe ourraoc tempersture 1- detarnined only by the exohlngo -ef* radinced ‘heat ..

The curve t; gives the surface teiiperature of the canopy, if the hest
storage ia negiedted (deccording to foriula 10); curve t repredents the surface

tamperitipe taking into acsount thé heat storage. The ﬂecow‘ ‘durve wWad caliulated
frem equation 10 by iacelinal method. It c¢an be seén that the differsncéa between
the two- temperaturss *t and t, ere smill, The-highest semperaturé: (31208}
oscurs at 37 miles sltitude, where the sonvective heat transfer ia alpeady great

ang the velooity still high.

»,
".\n»ﬂ““

{ % =0.8). A value of 3LOSF was found.

. 6. ﬁetipencéa

Prog:esa Report xo. us IRE L6 (19&6)

2. W. H. McAdams:. Helt wranamilsinn. 2nd Rd. nca--~=a:;1. New- York

19“2 p. 237

This—m:ximum temperature: was alao éalculated for a canopy of dark eioth

3. ‘“Considerationa on the Descent of a Parachute from High Altieudc.

by B. L. Chambre and F: T. Nalina < Californis Inetitute of
7 feohndlogy. = 30 April 1946.
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1. E.R.G. Eckert: "Heat Transmiaaicn ¢f Bodies in: napu:'.y J!,epgmg Gases’
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